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(57) The present invention provides a method and 
apparatus for producing a thermoplastic resin film, 
which allows a biaxially oriented polyester film to be 
formed at a high speed of 400 m/min or more. 

The method of the present invention is a method for 
producing a thermoplastic resin film, in which a molten 
thermoplastic resin film is brought into contact with a 
cooling medium, to be cooled and solidifed, for produc- 
ing a cast film, characterized in that the surface temper- 
ature of the cooling medium in the region immediately 
before the melt reaching position is kept at not lower 
than the glass transition temperature Tg and not higher 
than the melting point Tm of the thermoplastic resin. 
The apparatus of the present invention is an apparatus 
for producing a thermoplastic resin, characterized in 
that a cooling medium has a heater and a cooler to 
ensure that the surface temperature of the cooling 
medium in the region immediately before the melt 
reaching position is kept at not lower than the glass tran- 
sition temperature Tg and not higher than the melting 
point Tm of the thermoplastic resin, and that the surface 
temperature of the cooling drum in the region immedi- 
ately before the film leaving position is kept lower than 
the the glass transition temperature Tg of the thermo- 
plastic resin. 



Fig. 1 
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Description 

Technical Field 

5 [0001] The present invention relates to a method for producing a thermoplastic resin film, and an apparatus for pro- 
ducing a thermoplastic resin film suitable for executing said method. 

Background Art 

10 [0002] In the conventional methods for producing a thermoplastic resin film, a thermoplastic resin film melt-extruded 
from a die is brought into contact with a cooling drum, to be quickly cooled to lower than the glass transition temperature 
of the resin, for forming a cast film low in crystallinity, good in clarity and smooth on the surface. It is, as required, in 
succession stretched monoaxially or biaxially. 
[0003] However, those methods have the following problem. 

15 [0004] The maximum speed at which a film low in crystallinity, good in clarity and smooth on the surface can be 
obtained by bringing a molten thermoplastic resin film into contact with a cooling drum is about 40-60 m/min at the 
highest, since it cannot be prevented that the air is caught in the clearance between the cast film and the cooling drum 
irrespective of whether any casting means effective for high speed casting such as electrostatic charging, vacuum suc- 
tion or pressing is used. So, the productivity is inevitably low. 

20 

Disclosure of the Invention 

[0005] The object of the present invention is to provide a method for producing a thermoplastic resin film excellent in 
both productivity and quality, by overcoming the above mentioned disadvantage, and also an apparatus for producing 

25 a thermoplastic resin film suitable for executing said production method. 

[0006] The method for producing a thermoplastic resin film of the present invention to achieve the above object is a 
method for producing a thermoplastic resin film, in which a molten thermoplastic resin film is brought into contact with 
a cooling medium, to be cooled and solidified, for producing a cast film, characterized in that the surface temperature 
of the cooling medium in the region immediately before the melt reaching position is kept at not lower than the glass 

30 transition temperature Tg and not higher than the melting point Tm of the thermoplastic resin. 

[0007] The method for producing a thermoplastic resin film of the present invention to achieve the above object as 
another version is a method for producing a thermoplastic resin film, in which a molten thermoplastic resin film is 
brought into contact with a cooling medium, to be cooled and solidified, for producing a cast film, characterized in that 
the surface temperature of the cooling medium in the region immediately before the melt reaching position is kept at not 

35 lower than the glass transition temperature Tg and not higher than the melting point Tm of the thermoplastic resin, and 
that the surface temperature of the cooling medium in the region immediately before the melt leaving position is kept at 
lower than the glass transition temperature Tg of the thermoplastic resin. 

[0008] The apparatus for producing a thermoplastic resin film of the present invention is an apparatus for producing 
a thermoplastic resin f ilm, characterized in that a cooling medium has a heater and 3 cooler, to ensure the surface tern- 
40 perature of said cooling medium in the region immediately before the melt reaching position may be kept at not lower 
than the glass transition temperature Tg and not higher than the melting point Tm of the thermoplastic resin, and that 
the surface temperature in the region immediately before the melt leaving position may be kept at lower than the glass 
transition temperature Tg of the thermoplastic resin. 

[0009] According to the method and apparatus for producing a thermoplastic resin film of the present invention, the 
45 surface temperature of the cooling medium such as a casting drum with which the melt is kept in contact is kept at not 
lower than the Tg of the polymer and subsequently the surface temperature of the casting drum in the region corre- 
sponding to the melt leaving position is kept at lower than the Tg of the resin, or the melt leaves from the cooling 
medium after it has been crystallized on the cooling medium. Therefore, the following excellent productivity and excel- 
lent film properties can be obtained. 

so 

(1) In general, casting at a high speed of 80 m/min or more can be effected, and since stretching can be effected 
at a speed corresponding to the speed, a film can be formed at a high speed of 400 mAnin or more, to greatly 
reduce the production cost. 

(2) A film with very excellent properties as a film for general industrial use, packaging use, etc. can be provided. 
55 (3) The method of the present invention is effective for less crystalline or amorphous thermoplastic resins and 

highly crystalline resins, and is high in productivity. So, it is very significant industrially in film production. 
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Brief Description of the Drawings 
[0010] 

5 Fig. 1 is a schematic perspective view for illustrating an external heating structure which can be used in the appa- 

ratus for producing a thermoplastic resin film of the present invention. 

Fig. 2 is a sectional view at the central portion of the external heating structure shown in Fig. 1 . 

Fig. 3 is a schematic perspective view for illustrating an internal liquid feed heating structure which can be used in 

the apparatus for producing a thermoplastic resin film of the present invention. 
10 Fig. 4 is a sectional view at the central portion of the internal liquid feed heating structure shown in Fig. 3. 

Fig. 5 is a sectional view at an end of the internal liquid feed heating structure shown in Fig. 3. 

Fig. 6 is a sectional view at a central portion for illustating an internal embedded heating structure which can be 

used for the apparatus for producing a thermoplastic resin film of the present invention. 

Fig. 7 is a sectional view in axial direction of the internal embedded heating structure shown in Fig. 6. 
75 Fig. 8 is a side view of the internal embedded heating structure shown in Fig. 6. 

Fig. 9 is a schematic perspective view for illustrating a belt heating structure which can be used in the apparatus 

for producing a thermoplastic resin film of the present invention. 

Fig. 1 0 is a schematic drawing showing the inside of a conventional cooling medium. 

Fig. 1 1 is a schematic sectional view showing the internal structure of the conventional cooling medium. 

20 

The Best Embodiments of the Invention 

[0011] Preferable embodiments of the method and apparatus for producing a thermoplastic resin film of the present 
invention are described beiow. 

25 [0012] In the present invention, a thermoplastic resin refers to a resin which shows flowability when heated. Typical 
thermoplastic resins include polyesters, polyamides. polyolef ins, polyphenylene sulfide, vinyl polymers, their mixtures 
and modif iction products. In the present invention, it is especially preferable to use a polyester resin, polyamide resin, 
etc. 

[0013] A polyester is a high polymer with ester bonds in the main chain of the molecule, and is usually synthesized 
30 by polycondensation reaction between a diol and a dicarboxylic acid, but a compound which is self-condensed, like a 
hydroxycarboxylic acid such as hydroxybenzoic acid can also be used. 

[0014] Typical diol compounds include ethylene glycol, propylene glycol, butylene glycol and hexene glycol repre- 
sented by HO(CH2)nOH, and ether-containing diols such as diethylene glycol, polyethylene glycol, ethylene oxide addi- 
tion products and propylene oxide addition products, and their mixtures. Typical dicarboxylic acid compounds include 

35 phthalic acid, isophthalic acid, terephthalic acid, naphthalenedicarboxylic acid, succinic acid, adipic acid, pimelic acid, 
suberic acid, azelaic acid, sebacic acid, dimer acid, maleic acid, fumaric acid and their mixtures. 
[001 5] In the present invention, especially polyethylene terephthalate (PET), its copolymers, polybutylene naphthalate 
(PBN), its copolymers, polybutylene terephthalate (PBT), its copolymers, polyethylene naphthalate (PEN), its copoly- 
mers, and their mixtures are preferable. 

40 [0016] It is desirable that the monomer components of these high polymers are repeated by 80 or more, preferably 
1 20 or more, so called, degree of polymerization is more than 80, preferably more than 1 20. It is desirable that the intrin- 
sic viscosity measured in orthochlorophenoi (OCP) is 0.4 (dl/g) or more, preferably 0.55 (dl/g) or more. To achieve a 
higher crystallization rate, it is preferable to use a raw material with an intrinsic viscosity as low as about 0.2 to 0.5 as it 
is, or as a mixture with another raw material. 

45 [0017] Of course, these high polymers can also contain various additives such as a cyrstalline nucleating agent, slip 
agent, stabilizer, antioxidant, viscosity regulator, antistatic agent, colorant, pigment etc. properly. For example, crystal- 
listailine nucleating agents which can be used here include inorganic compounds such as talc, kaolin, silicon oxide, alu- 
minum oxide, antimony oxide, titanium oxide, zinc oxide, clay, calcium carbonate, barium sulfate, strontium sulfate, zinc 
dust, magnesium hydroxide, calcium silicate, diatomaceous earth and carbon black, ionomers, metal salts of aliphatic 

so carboxylic acids and sulfonic acids such as ethylenemethacrylic acid, metal salts of aromatic sulfonic acids and carbox- 
ylic acids such as styrenesulfonic acid (metals include alkali metals such as sodium and lithium, alkaline earth metals 
such as zinc, calcium and barium, etc.), organic compounds such as crystalline polyester compounds, etc. Of course, 
a polyester, the molecular ends of which become a metal salt by reaction with an alkali metal salt such as a sodium salt, 
is also high in crystallization rate. 

55 [001 8] In the present invention, a polyester mixture containing a crystalline polyester is especially preferable since the 
crystallization rate is higher and probably since quality and stretchability are improved. A crystalline polyester refers to 
a polyester having mesogen groups and showing optical anisotropy when molten, and typical crystalline polyester com- 
pounds are stated in Japanese Patent Laid-Open (Kokai) No. 7-233310, etc. In the present invention, a crystalline pol- 
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yester containing 40 to 90 wt% of parahydroxybenzoic acid (HBA) as a main mesogen component is preferable. 
[0019] The mesogen can be contained in any manner of random copolymerization, block copolymerization, branch 
copolymerization or composite copolymerization as a combination of the foregoing. In the present invention, composite 
copolymerization consisting of random copolymerization and block copolymerization is especially preferable. It is desir- 

5 able that the melt viscosity iim of the crystalline polyester is 100 Pa • s or less, preferably 20 Pa • s or less, more pref- 
erably 10 Pas or less, since the effects of the present invention can be promoted even rf the liquid crystalline is added 
by a small amount. It is desirable that the crystalline polyester is contained by 0.01 to 5%, preferably 0.1 to 1% in the 
polyester film. If the crystalline polyester content exceeds 5%, physical properties of the polyester such as clarity, tear 
propagation resistance, impact resistance and abrasion resistance decline. On the contrary, rf the content is less than 

10 0.01%, crysallatization promotion effect and stretchability as the effects of the present invention cannot be achieved as 
intended. 

[0020] It is desirable that the crystalline polyester is dispersed as a layer or needles at 0.5 jim or less, preferably 0.3 
jim or less, more preferably 0.1 \imor less in the normal direction in the polyester film, since the effects of the present 
invention can be improved. 

75 [0021] Furthermore, in the present invention, a polyamide resin refers to a high polymer with amide bonds in the main 
chain, and typical polyamide resins include nylon 6, nylon 66, nylon 610, nylon 12, nylon 11, nylon 7, polymeta/parax- 
ylyieneadipamide, polyhexamethylene terephthalamide/isophthalamide, their relative copolymers, mixtures, etc. 
[0022] Of course, a polyamide ether obtained by copolymerizing a polyether compound such as polyethylene glycol, 
polypropylene glycol or polytetramethylene glycol, etc. with any of the above polyamide resins can also be used, or a 

20 polyester amide compound copolymerized with a polyester can also be used. Furthermore, a multinary copolymer 
unlikely to be crystallized, or an amorphous polyamide resin with many substituent groups or large substituent groups 
at the side chains, etc. shows especially excellent effects. 

[0023] The polyphenylene sulfide resin is desirably a straight chain compound substantially not containing any branch 
structure. 

25 [0024] When a molten thermoplastic resin film is brought into contact with a cooling medium, to be cooled and solid- 
ified, for producing a cast film, the surface temperature of the cooling medium in the region immediately before the melt 
reaching position is kept at not lower than the glass transition temperature Tg and not higher than the melting point Tm 
of the thermoplastic resin, to ensure that the cast film can be formed at a high speed without any entrapment of an air 
layer or bubble between the film and the cooling medium, and hence that the thermoplastic resin film produced may be 

30 excellent both in productivity and quality. 

[0025] If the molten thermoplastic resin film is brought into contact with and caused to adhere to & cooling medium 
such as a drum or belt heated to not lower than the glass transition temperature Tg of the thermoplastic resin, the large 
adhesive strength between the melt and the cooling medium does not allow air layer or bubble to be entrapped between 
the melt and the cooling medium even at a high speed. So, even at a high speed of 80 m/rnin or more, uniform casting 

35 can be effected. The melt reaching means that the melt is brought into contact with the cooling medium. 

[0026] On the other hand, if the surface temperature of the cooling medium is Tg or higher as stated above, the cast 
film cannot be smoothly separated from the cooling medium since the adhesive strength is large, and as a result, the 
obtained film is extremely degraded in flatness or cannot be easily separated in most cases. For example, if an ordinary 
polyester resin film is brought into contact with a cooling drum, etc. heated to not lower than the glass transition tem- 

40 perature Tg for casting, the adhesive strength is large, and.it is difficult to separate the film from the drum, not allowing 
casting. 

[0027] What is important here in the present invention is that rf the molten thermoplastic resin film is brought into con- 
tact with the cooling drum heated, at least on the surface, to not lower than the glass transition temperature Tg of the 
resin, the adhesiveness between the drum and the molten film rises to prevent that the air layer or bubble such as an 
45 entrained air stream is caught, for allowing high speed casting, but that unless any technique to facilitate the separation 
is provided before the film leaves from the drum, high speed casting cannot be effected. 
[0028] To allow separation, any technical means must be used additionally. For example; 

(1) The surface temperature of the cooling medium in the region immediately before the molten film leaving position 
so must be kept at lower than the glass transition temperature Tg of the thermoplastic resin, to lower the adhesive 

strength, for allowing the cast film to be separated from the cooling medium (heating and cooling method). 

(2) While the film is kept in contact with the cooling medium, the surface of the film is crystallized to lower the adhe- 
sive strength before the film is separated from the cooling medium (crystallization method). 

55 [0029] For the method (1), it is effective to let the cooling medium have a heater and a cooler, to ensure that the sur- 
face temperature of the medium in the region immediately before the melt reaching position may be kept at not lower 
than the glass transition temperature Tg and not higher than the melting point Tm of the thermoplastic resin, and that 
the surface temperature of the cooling medium in the region immediately before the film leaving position may be kept 
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at lower than the glass transition temperature Tg of the thermoplastic resin. 

[0030] The heating and cooling method (1) is described below in reference to drawings. 

[0031] At first, an external heating method is described below. 

[0032] In the external heating method, an external heater is installed to heat the surface of the cooling medium in the 
5 region from immediately after the molten thermoplastic resin film leaving position to immeditely before the melt reaching 
. position. 

[0033] An example of the external heating method is shown in Figs. 1 and 2. This apparatus consists of an extrusion 
molding die 3 for forming a molten thermoplastic resin into a film, a cooling medium 1 for cooling and solidifying the mol- 
ten resin formed as a film, a separating roll 7 for separating the cooled thermoplastic resin film 8 from the cooling 
w medium 1 and an external heater 2. The extrusion molding die 3 is not especially limited, and a T die, coat hanger die, 
fish tail die or a special flat die obtained by combining the features of the respective dies can be used without any prob- 
lem. 

[0034] Furthermore, in the present invention, it is preferable that an automatic film thickness control mechanism for 
controlling the film thickness by a computer is provided. 

is [0035] As for the structure of the cooling medium 1 , for example as shown in Figs. 1 0 and 1 1 . cooling water is supplied 
into the inside of one shaft 9 and fed, for example, in six directions by liquid heat carrier branch pipes 21 , to flow in the 
clearance between an outer cylinder 14 and an inner cylinder 13. On the surface of the inner cylinder, spiral bulkheads 
16 as many as a multiple of the number of liquid heat carrier branch pipes 21, six spiral bulkheads 16 in this example 
are formed, so that the heat carrier can flow in the spiral grooves 15 formed between the spiral bulkheads 16. The heat 

20 carrier is collected again by the liquid beat carrier branch pipes 21 and is discharged from the other shaft 1 0. The sep- 
arating roll 7 is not especially limited. For example, it is preferable that the circumferential surface of the roll in contact 
with the thermoplastic resin film 8 is treated by hard chromium plating and mirror-finished to be 0.4 urn or less. 
[0036] The external heater 2 must heat the surface of the cooling medium in the region from immediately before the 
molten thermoplastic resin film leaving position to immediately after the melt reaching position. That is, after the ther- 

25 moplastic resin film cooled to lower than Tg has been separated from the cooling medium, the surface of the cooling 
medium is heated by the external heater, and when the surface temperature of the cooling medium has become Tg or 
higher, the thermoplastic resin delivered from the die is allowed to reach the cooling medium. It is desirable that the 
external heater 2 of the present invention adopts one or more in combination selected from light irradiation, energiza- 
tion, heating heat carrier, dielectric heating, combustion gas, etc. In this case, a heater large in beating value should be 

30 adopted, to ensure that the surface temperature of the cooling medium 1 in the region before it passes the range of the 
external heater 2 is greatly different from that after it passes said range for another revolution. For example, Infra-Pac, 
Therma-Jet, etc. produced by Impact Systems are desirable. 

[0037] It is preferable that the the external heater 2 does not affect the produced film by air, water or dust, etc. It is 
desirable that the maximum roughness Ry of the surface of the cooling medium 1 is 0.4 um or less to form a specular 

35 surface, for making the surface of the cast thermoplastic resin film smooth. 

[0038] Furthermore, to raise the surface temperature of the cooling medium 1 within a very short period, it is desirable 
that the material of the cooling medium 1 has a thermal conductivity of 2.0 W/mK to 60.0 W/mK, preferably 2.0 W/mK 
to 1 6.0 W/mK. Furthermore, it is preferable to coat the surface of the cooling medium 1 with a material having a thermal 
conductivity of 2.0 W/mK to 20.0 W/mK. It is preferable that the coating material is a ceramic material, chromium, nickel 

40 or titanium alloy respectively with a dark color as close to a black body as possible, and that it is applied by thermal 
spray, plating, sputtering or vapor deposition. It is desirable that the distance between the cooling medium 1 and the 
external heater 2 is as short as possible to achieve a higher energy absorption efficiency. However, if the distance is too 
short both of them may contact each other to cause thermal deformation. Therefore, it is preferable that the distance 
between both is 1 to 200 mm. A more preferable range is 5 to 50 mm. The distance of the region from immediately after 

45 the molten thermoplastic resin f ilm 8 leaving position to immediately before the melt reaching position is short, and at a 
higher speed, the external heating time is shorter. So, to elongate the time, it is desirable that the diameter of the cooling 
medium is larger. However, if the diameter is too large, it is difficult to manufacture the cooling medium, and because of 
manufacturing accurcy, there is a limit. So, the diameter of the cooling medium should be in a range of 1 to 5 m, prefer- 
ably 1.5 to 2.5 m. 

so [0039] Internal heating is described below. 

[0040] A cooling medium 1 consisting of an outer cylinder 14, an inner cylinder 13 and hollow shafts 9 and 10, to allow 
a cooling beat carrier to pass through the hollow shafts 9 and 10 and the clearance between the outer cylinder 14 and 
the inner cylinder 13 has seals near the molten thermoplastic resin film leaving position and near the melt reaching 
position and contains an internal heater in the region from near the molten thermoplastic resin film 8 leaving position to 

55 the melt reaching position. The internal heater can adopt one or more in combination selected from light irradiation, 
energization, heating heat carrier, dielectric heating, combustion gal, etc., but the use of a heating heat carrier is con- 
venient. 

[0041 ] An example of the structure is shown as an outside drawing in Fig. 3, as a sectional view at the central portion 
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in Fig. 4, and as a sectional view at an end of the inner cylinder of the cooling medium in Fig. 5. In this example, two 
heat carriers, i.e., a high temperature heat carrier and a low temperature heat carrier are used. 
[0042] In this method, the outer cylinder 1 4 rotates, but the inner cylinder 1 3 and the shafts 9 and 10 are fixed. The 
shafts 9 and 10 respectively have two holes for a low temperature heat carrier pipe 30 and a high temperature heat car- 

5 rier pipe 29, in which heat carriers respectively different in temperature flow. It is desirable that the heat carriers are of 
the same kind to avoid any adverse effect when they happen to be mixed, and especially water is most suitable. The 
two heat carriers fed by pumps not illustrated enter from one shaft 9, to flow into the clearance between the inner cylin- 
der 13 and the outer cylinder 1 4. On the surface of the inner cylinder, heat carrier patition plates 1 9 are fixed to prevent 
that the high temperature heat carrier and the low temperature heat carrier are mixed. The heat carriers passing 

10 through the clearance between the inner cylinder 13 and the outer cylinder 14 are discharged from the other shaft 10 
respectively. "Rie flow in the drum illustrated in the drawing is one-directional, but the clearance between the inner cyl- 
inder and the outer cylinder can be partitioned as desired, to let the heat carriers flow zigzag in the circumferential direc- 
tion of the drum or flow in reciprocation transversely. The temperature of the high temperature heat carrier must be Tg 
to Tm, and the temperature of the low temperature heat carrier must be lower than Tg. It is desirable that one of the 

15 heat carrier partition plates 19 on the surface of the inner cylinder is located near the thermoplastic resin film reaching 
position and that the other is located near the film leaving position. 

[0043] The internal heater can be used alone, but rf it is used in combination with the external heater 2, the surface 
temperature of the cooling medium 1 can be heated to a higher temperature, to allow casting at a higher speed. 
[0044] As another version, it is possible that the coolant does not flow in the cooling medium 1 in the region from near 

20 the molten thermoplastic resin film 8 leaving position to near the melt reaching position, in other words, that no heat car- 
rier flows in the high temperature heat carrier pipe. It is preferable for raising the surface temperature of the cooling 
medium, that no cooling heat carrier flows in the cooling medium in the region where the molten thermoplastic resin film 
is kept away from the contact with the cooling medium. That is, instead of letting the cooling heat carrier flow in the 
entire peripheral zone in the drum, the cooling heat carrier is allowed to flow in the cooling medium only while the molten 

25 thermoplastic resin film contacts the cooling medium, that is, only in the region from immediately after the melt reaching 
position to immediately before the molten thermoplastic resin film leaving position. Since no heat carrier flows in the 
drum in the region where the film does not contact the drum, a new heating mechanism can be installed in the drum. 
So, the surface temperature of the drum in this region can be set at a temperature higher than the other region of the 
drum. 

30 [0045] The heating mechanism can properly adopt energized heating by an electric heater, heating by a heating heat 
carrier, heating by dielectric loss or heating by combustion gas, etc. 

[0046] It is preferable that the material of the cooling medium of this method is higher in thermal conductivity, contrary 
to the external heating method. For example, a preferable thermal conductivity range is 30 W/mK, to 500 W/mK p and a 
more preferable range is 30 W/mK to 1 00 W/mK. Furthermore, as in the external heating method, it is desirable that the 
35 maximum roughness of the surface of the cooling medium 1 is 0.4 m or less, to form a specular surface, and it is desir- 
able that the diameter of the cooling medium 1 is 1 to 5 m, more preferably 1.5 to 2.5 m. 
[0047] An internal embedded heating method is described below. 

[0048] Heating elements 17 are embedded in the outer cylinder 14 of the cooling medium 1 at almost equal intervals 
in the circumferential direction. An example of the structure is shown in Fig. 6. The heating elements 17 can adopt one 

40 or more in combination selected from light irradiation, energization, heating heat carrier, dielectric heating or combus- 
tion gas, etc. Especially the use of an electric heater is convenient. For energization, a power supply 25 is connected 
to an electrode 23 extending from near the molten thermoplastic resin film 8 leaving position to near the melt reaching 
position, on one shaft 9 side using a wire 26, and electric current flows through an electrode 22 on the heater side to 
the heating elements 1 7 and returns through an electrode 23 on the other shaft 10 side and a wire 26 to the power sup- 

45 ply 25. The heating region can be changed by adjusting the lengths of the electrodes 23. 

[0049] In this constitution, the electrodes are installed to let the heater 1 7 generate heat only in the region between 
the leaving position and the reaching position of the thermoplastic resin film 8. and while the cooling medium makes 
one revolution, the heater is switched on and off. 

[0050] In this method, it is preferable that the heating elements to be embeded are installed as close to the surface 
so of the cooling medium as possible, ft is preferable that the material of the cooling medium in this method is higher in 
thermal conductivity, contrary to the external heating method. For example, it is desirable that the thermal conductivity 
is in a range of 30 W/mK to 500 W/mK, and a more preferable range is 30 W/mK to 100 W/mK. Furthermore, as in the 
external heating method, it is desirable that the maximum roughness of the surface of the cooling medium 1 is 0.4 pm 
or less, to form a specular surface, and it is desirable that the diameter of the cooling medium 1 is 1 to 5 m. more pref- 
55 erably 1.5 to 2.5 m. 

[0051] A belt heating method is described below. 

[0052] A cooling medium 1 containing an outer cylinder 14, an inner cylinder 13 and hollow rotating shafts 9 and 10. 
to allow heat carriers to flow in the hollow rotating shafts 9 and 10 and in the clearance between the outer cylinder 14 
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and the inner cylinder 13 is connected with a roll 32 installed at a certain distance away from the cooling medium 1 , by 
a belt 18 finished to have a surface roughness of 0.2 urn or less, and the molten thermoplastic resin film 8 is formed on 
the belt. 

[0053] An example of the structure is shown in Fig. 9. In Fig. 9, the belt 18 is spread between the cooling medium 1 

5 and the roll 32 installed at a certain distance away from the cooling medium 1 . The thermoplastic resin film 8 extruded 
from the extrusion molding die 2 reaches the belt 18 heated to not lower than Tg and not higher than Tm. Due to the 
adhesivenss of the thermoplastic resin, the film 8 adheres strongly to the belt 18, to allow high speed film formation. 
The thermoplastic resin film 8 on the belt 18 is gradually cooled by the cooling medium 1, to lower than Tg immediately 
before it is separated by the separating roll 7. The film 8 separated by the separating roll 7 is carried to the subsequent 

w steps of drawing and winding not illustrated. The belt 1 8 is again heated by the external heater 2 on the portion liberated 
from the film 8, to be heated to not lower than Tg and not higher than Tm on the surface of the liberated portion, and 
the thermoplastic resin film 8 reaches again the liberated portion. It is preferable that the thickness of the belt 18 is as 
thin as possible, to make the temperature difference before and after heating large, and is 0.1 to 3 mm. It is preferable 
that the material of the belt is higher in thermal conductivity, contrary to the external heating method. For example, it is 

75 desirable that the thermal conductivity is 30 W/mK to 500 W/mK, and more preferable is 50 W/mK or more. As in the 
external heating method, a longer belt is more effective since the heating time is ( onger. However, if the belt is too long, 
such problems as manufacturing inconvenience and meadering occur. A preferable length is in a range of 3 to 20 m. A 
more preferable range is 5 to 1 0 m. It is preferable that the maximum roughness of the surface of the belt 1 8 is 0.4 jam 
or less, to form a specular surface. 

20 [0054] The production apparatus can adopt one or more in combination of the above mentioned external heating 
method, internal heating method, internal embedded heating method and belt heating method. If the apparatus is used, 
the surface temperature of the cooling medium in the region immediately before the melt reaching position can be 
heated at least by 5°C or more, preferably 1 0°C or more higher than that in the region immediately after the molten ther- 
moplastic resin film leaving position. Ash a result, the high adhesive strength required for adhesion can be obtained to 

25 allow high speed casting. Thus, the thermoplastic resin film can be produced at a lower cost. 

[0055] In the crystallization method (2). the molten thermoplastic resin film is brought into contact with a cooling 
medium such as a drum or belt heated to a temperature of not lower than the glass transition temperature Tg. preferably 
near the melt crystallization temperature Tmc. so that the resin film surface can be crystallized by 5% or more, prefer- 
ably 1 0% or more while it is kept in contact with the cooling medium, to allow easy separation. Therefore, this method 

30 is effective for nylon resins and polyolefin resins relatively high in crystallization rate. Since the film is allowed to adhere 
at a cooling medium temperature of Tmc far higher than Tg, a very high adhesive strength can be obtained, to allow 
high speed casting of 80 m/min or more, preferably 100 m/min or more. In addition, the obtained film is excellent in sur- 
face smoothness and slipperiness, also excellent in thermal dimensional stability, free from the rise at the edges (high 
edges) at the time of slitting and excellent in thermal formability. tf the thermoplastic resin film is brought into contact 

35 with a cooling drum, etc. heated to a casting temperature not lower than Tmc higher than the glass transition tempera- 
ture Tg, it becomes difficult to separate the film from the drum, not allowing casting. 

[0056] Therefore, what is important in the present invention is that the molten thermoplastic resin film is allowed to 
reach the cooling drum heated to not lower than the glass transition temperature Tg, preferably not lower than Tmc, to 
improve the adhesiveness between the drum and the molten film for preventing air such as an entrained air stream from 

40 being caught, and that while the thermoplastic resin film temperature on the drum is near the melt crystallization tem- 
perature Tmc of the resin, i.e., at the temperature most likely to cause crystallization, the film is crystallized at least in 
the surface layer, to be separated from the drum. In this case, the surface layer crystallization degree is 5% or more, 
preferably 10% or more. If the surface layer crystallization degree is less than 5%, it becomes often difficult to separate 
the film from the casting drum. So, it is preferable that the casting drum temperature is set at near the melt crystalliza- 

45 tion temperature Tmc of the polymer. Of course, crystallizing the entire film is preferable for obtaining a film excellent in 
thermal dimensional stability, free from the rise at the edges (high edges) at the time of slitting and excellent in thermal 
formability, but may not be preferable since the properties do not perfectly agree with the properties of convenionally 
used films, to limit the applications. For this reason, it is practical to crystallize the surface layer only. It is preferable that 
the thickness of the surface layer in this case is as thin as possible, say, 1 p. m or less. More preferable is 0. 1 urn or less. 

so There is no special upper limit of crystallization degree, and the crystallization can be effected as desired to suit the 
desired quality to be obtained. However, the upper limit seems to be 30 ~ 50%. 

[0057] The present invention can also be effected as follows. A laminate melt consisting of a thermoplastic resin film 
and another thermoplastic resin film higher in crystallization rate than said thermoplastic resin film is brought into con- 
tact with a cooling drum, in such a manner that the resin filmer higher in crystallization rate may contact the cooling 
55 drum, for cooling and crystallization, and solidification, and subsequently the more highly crystalline resin film is sepa- 
rated. For example, for a polyester resin, a polymer higher in crystallization rate than the polyester, for example, a poly- 
olefin such as polyethylene, polypropylene, ethylene propylene copolymer, methylpentene polymer or 
polyoxymethylene can be laminated and separated, but the combinations are not limited to these. 
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[0058] The method for producing a thermoplastic resin film of the present invention is described below more specifi- 
cally. 

[0059] The thermoplastic resins which can be used as the raw material for melt extrusion include polyesters, polya- 
mides, polyolefines, polyphenyiene sulfide, vinyl polymers, their modification products, their copolymers and blends 
5 with any other compound. 

[0060] In the present invention, rf an amorphous thermoplastic resin is used as the raw material, it is preferable to 
separate by the heating and cooling method (1), and if a crystalline thermoplastic resin is used as the raw material, it is 
preferable to separate by the surface crystallization method (2). 

[0061] Of course, the high polymer resin can contain desired additives. For example, a raw material containing an 
10 inorganic compound such as silicon oxide, magnesium oxide, calcium carbonate, titanium oxide, aluminum oxide, 
crosslinked polyester, crosslinked polystyrene, mica, talc or kaolin or an organic compound such as ethylenebissteary- 
lamide or ionic high molecular ionomer or, a raw material once molten, or a raw material containing the raw material 
recovered from the film of the present invention, etc. is melt-extruded in a nitrogen stream or in vacuum not to lower the 
molecular weight, for example, the intrinsic viscosity [t|] by a single-screw extruder, double-screw extruder, vent 
15 extruder or tandem extruder, etc. The melting temperature is usually not lower than the melting point of the thermoplas- 
tic resin, but the so-called supercooling extrusion method of once melting at not lower than the melting point of the ther- 
moplastic resin and cooling to a temperature of lower than the melting point and not lower than the melt crystallization 
temperature Tmc can also be adopted. The supercooling extrusion is effective for decreasing the thermal decomposi- 
tion and gelation of the resin, and the low molecular oligomer is not newly produced but decreases on the contrary, to 
20 give an effect that casting is easier with the drum less soiled. In this cane, it is preferable to use any of various filters 
such as a sintered metal, porous ceramic material, sand or wire gauze, etc. for raving foreign matters. If the draw-down 
ratio (= die lip interval of die/thickness of film extruded) at the time of extrusion from the die is 7 or more, preferably 1 0 
or more, the film obtained is likely to be less irregular in thickness and good in clarity. 

[0062] It is obvious that the melt extruded like this can be a single film, or a laminate film with another layer laminated 
25 at least on one side of the thermoplastic resin film, or a laminate film in which a film of a polymer other than the resin 
used in the base layer is laminated at least on one side. 

[0063] If a drum is used as the cooling medium, a special drum must be used in the case of method (1). That is. a 
structure in which cooling water can be fed in the region corresponding to 3/4 of the circumferential length of the drum 
to be kept in contact with thee molten film but cannot be fed in the other region corresponding 1/4 not to be kept in con- 

30 tact with the film can be used. More preferably, a structure in which an electric heater is installed in the entire circum- 
ference near the surface layer of the drum but can be energized only in the 1/4 region can be used. In this case, it is 
effective to apply external heating energy such as radiation heat of far infrared rays, infrared rays, high velocity electron 
stream of plasma, etc., or combustion gas, to the 1/4 region of the surface layer from outside. The thermoplastic resin 
film contact distance along the circumference of the drum ranging from the position where the melt contacts the drum 

35 for the first time to the position where the film leaves from the drum is about 3/4 of the circumferential length of the drum 
in ordinary casting. So, the heating and cooling structure as described above is adopted. The proportions of heating 
and cooling zones can. of course, be decided as desired to suit the heating and cooling methods adopted. 
[0064] The surface temperatrue of the drum in the region immediately before the position where the molten thermo- 
plastic resin reaches teh cooling drum must be not lower than the glass transition temperature Tg and not higher than 

40 the melting point Tm of the thermoplastic resin. In the case of the method (1), it is preferable that the surface tempera- 
ture is (Tg + 5°C)~ (Tg + 100°C). A more preferable range is (Tg + 25°C)~ (Tg + 50°C). In the case of the crystallization 
method (2), the melt is caused to adhere to the casting drum heated to a temperature near Tmc, to be cooled and solid- 
ified. If the mett is caused to adhere according to the method (1), the film cannot be separated from the drum at the 
same surface temperature, but in the case of the method (2), the film crystallized in the surface layer of the resin can 

45 be separated from the drum. So, in the case of (1), the surface of the drum is cooled to not higher than the Tg of the 
resin in the region corresponding to as large as about 3/4 of the circumferential length of the drum starting from the 
position where the melt reaches the drum, to ensure that the film can be separated. Thus a cast film can be obtained. 
Of course, it is not known that a cast film can be obtained by bringing a molten thermoplastic resin into contact with a 
casting drum heated on the surface to not lower than the glass transition temperature Tg and not higher than the melting 

so point Tm of the thermoplastic resin, in the region immediately before the melt reaching position, for cooling and solidi- 
fying the resin. If the surface temperature of the drum is lower than Tg. a high adhesive strength cannot be obtained, 
and even if any other contact improving means such as electrostatic charging or air knife method is used together, the 
molten polyester film cannot be caused to sufficiently adhere to the cooling drum rotating at a high speed of 80 m/min 
or more. As a result, an entrained air stream containing air is caught, and a film with a smooth surface cannot be 

55 obtained. If the surface temperature exceeds the melting point Tm, the film cannot be solidifed by cooling. Any other 
contact improving means such as air chamber method, air knife method, press roll method or vacuum suction method 
can be used together at the time of casting. 

[0065] After the melt is kept in contact with the drum for casting and before it is separated, the surface temperature 
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of the casting drum is cooled to lower than Tg, to allow separation from the casting drum. For this purpose, it is effective 
to feed a cooled heat carrier, usually water into the cooling medium in the region from immediately after the melt reach- 
ing position to immediately after the molten thermoplastic resin film leaving position. If a drum is used as the cooling 
drum, it is preferable that the diameter of the casting drum is 1 .2 m or more, since a long time can be taken for cooling 
5 and also for raising the surface temperature to not lower than Tg, and since the operation convenience is excellent. 
Preferable is 1.5 m or more, and more preferable is 2.0 m or more. Of course, a plurality of drums, belts, water tanks, 
etc. different in surface temperature, material, etc. can also be used. 

[0066] The cooling method using a belt as the cooling medium is a preferable casting means in the present invention, 
since the temperatures at the reaching position and the leaving position can be easily changed. 

10 [0067] It is preferable that the surface material of the cooling medium of the present invention is good in external 
energy asborption efficiency, and can be a metal or ceramic material, etc. colored black, etc. A typical colored chro- 
mium plating technique is the stainless steel surface coloring technique developed at Birmingham Laboratories of Inter- 
national Nickel (INCO). In this technique, a chromic acid sulfuric acid mixed solution is heated to 70 - 90°C, and 
stainless steel is dipped in the solution. By adjusting the dipping time, such colors as brown, blue, gold, red, purple and 

is green can be obtained. To improve the abrasion resistance of the film, it is practical to cover the surface by chromium 
plating in a chromic acid sulfuric acid phosphoric acid mixed solution. As the metallic material, stainless steel (SUS) and 
chromium plating are preferable in view of durability, surface smoothness, etc. The chromium plating can be the well- 
known crystalline chromium plating, but in view of freedom from cracks, high hardness, very high smoothness, thin film, 
etc.. amorphous chromium plating is especially preferable for the method for producing a polyester film of the present 

20 invention. Amorphous chromium plating methods are, for example, described in Japanese Patent Laid-Open (Kokai) 
No. 3-1 15596, "Metals (in Japanese)", April issue, P. 75 (1989). etc. The maximum roughness Ry of the surface of the 
cooling medium is 0.4 \im or less, for such reasons that low molecular compounds such as monomers and oligomer are 
less likely to adhere at the time of casting, that surface defects such as craters are less likely to be formed on the sur- 
face even by high speed casting, that the obtained film becomes smooth on the surface and that stretchability in a sub- 

25 sequent step is improved. Preferable is 0.2 or less, and further more preferable is 0.15 \im or less. Most preferable 
is 0.10 jim or less. If the cooling medium is a drum, it is preferable especially in view of thickness uniformity that the 
position at which the molten film reaches the cooling medium is a position after the top of the drum in progression direc- 
tion or vertical tangential line position, since the edges and the central portion of the film can be brought into contact 
with the drum simultaneously. 

30 [0068] The cast film is stretched as required. Any of various stretching methods such as longitudinal monoaxial 
strength, lateral monoaxial stretching, sequential biaxial stretching and simultaneous biaxial stretching can be adopted. 
In the case of simultaneous biaxial stretching, the clip drive can be effected by the pantograph method, screw method 
or linear drive method, etc. In the present invention, especially the linear drive method is preferable for the method for 
producing a thermoplastic resin film of the present invention in view of easiness of stretching ratio adjustment, high 

35 speed running, excellent productivity, etc. The stretching temperature is not especially limited and can only be required 
to be not lower than the glass transition temperature Tg of the thermoplastic resin, and any desired temperature can be 
selected as required. The stretching ratio in one direction is 2 to 8 times, preferably about 3 to 6 times. After or during 
the stretching, the film can be properly heatset as required. 

[0069] The thermoplastic film produced by the method or apparatus of the present invention can be a single-layer film, 
40 but it can be laminated on another thermoplastic polymer layer, for example, a layer of a polyester, polyamide, polyole- 
fin, polyvinylidene chloride, acrylic polymer or modified polyvinyl alcohol, etc. directly or through an adhesive layer, etc. 
In the case of a laminate film consisting of three or more thermoplastic layers, if the reclaim polymer etc. are mixed in 
the central layer, productivity and quality can be improved. 

[0070] A plurality of thermoplastic resin films identical or different physically, chemically or in composition can also be 
45 overlaid, stretched and, as required, heatset with an air layer kept between the respectively adjacent films, and the 
respective films can be separated. Such a highly efficient multiple film forming method can also be adopted in the 
present invention. 

[0071] When the thermoplastic resin used in the method of the present invention is, for example, a polyester resin, 
the obtained film can be used for conventional applications such as packaging, magnetic recording, electric application 
so in capacitors, electric insulators, etc., graphic application and aceptor paper application, and also effectively for new 
applications requiring excellent thermal dimensional stability, formability. shape stability and high toughness. 

(Methods for measuring physical values > 

55 (1) Intrinsic viscosity [r\] of polyest r resin 

[0072] Obtained from the following formula according to ASTM D 1601 using o-chlorophenol as the solvent at 25°C. 
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[il] = lim[tisp/c] 

[0073] The specific viscosity iisp is obtained by subtracting 1 from the relative viscosity x\t. c stands for concentration 
(g/dl). The intrisic viscosity fa] is expressed in dl/g. 

5 

(2) Surface roughness Ry 

[0074] Measured according to J IS B 0601 -1994 with a reference length of 0.25 mm and an evaluation length of 1 .25 
mm at room temperature. 

10 

(3) Plating surface 

[0075] The surface is observed by a differential interference microscope. The magnification of observation is about 
100 to 500 times. If aluminum vapor deposition is used as required, the surface may be easier to see. Surface defects 
is such as cracks can be identified at a glance. 

(4) Adhesiveness between cast film and drum 

[0076] A case of freedom from any air caught on the casting drum, hanging or any other casting defect is expressed 
20 by O' and a case °* showing any visually observed defect is expressed by X. 

(5) Cast film surface 

[0077] Light is applied to a 10 m 2 or more surface area of the cast film, and the reflected light is visually obserfved, 
25 to judge whether surface projections and depressions such as craters exist. The criterion is as follows: 



Symbol 


Adhesiveness between cast film and drum 


O 

A 

X 


No projection or depression at all on the surface 

Only projections and depressions ot less than 0.1 \xm in depth can be seen on the surface, and they can 
be eliminated by stretching. 

Projections and depressions are seen on the entire surface. 



(6) Separatability between cast film and drum 



[0078] This is the easiness to separate from the casting drum. The criterion is as follows: 



Symbol 


Separatability between cast film and drum 


O 

A 

X 


Can be naturally separated from the casting drum. 

Can be separated from the casting drum at a force of 100 g/cm or more. 

Difficult to be separated from the casting drum. 



so (7) Thermal properties 

[0079] A differential scanning calorimeter DSC is used to heat 10 mg of a sample in a nitrogen stream at a rate of 
20°C/min. The initiation temperature at which the base line changes is identified as Tg; the exothermic peak tempera- 
ture by crystallization, as Tec; and the endothermic peak temperature caused by crystal melting, as Tm. After comple- 
55 tion of melting, the sample is kept heated, kept at 290°C for 3 minutes, and cooled at 10°C/min. The exothermic peak 
temperature by crystallization is identified as Tmc. 

[0080] ATcg and ATmmc are respectively ATcg = Tec - Tg , and ATmmc = Tm - Tmc . 

[0081] To obtain the thermal properties of a resin used by erasing such history as orientation of a sample, the sample 



10 
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is heated in a nitrogen stream at a rate of 50°C/min, kept at 290°C for 3 minutes, and quenched by liquid nitrogen. Then, 
in the 2nd run, the repsective properties are measured. 

[0082] Examples of the present invention and comparative examples are described below. 
s Example 1 

[0083] As the thermoplastic resin, polyethylene terephthalate (PET) (0.65 in intrinsic viscosity fa], 69°C in Tg, 125°C 
in cold crystallization temperature Tec, 265°C in melting point Tm, and 210°C in Tmc) was used. As an additive, spher- 
ical silica with an average grain size of 0.2 \xm was added by 0.1 wt%. The PET resin was dried to a water content of 

10 20 ppm or less, supplied into a melt extruder with a screw diameter of 250 mm, molten at 285°C, filtered by a fiber metal 
filter for removing foreign matters of not smaller than 7 urn, and introduced into a T die, and the melt was extruded as 
a film. While electrostatic charges were applied to the film, the film was brought into contact with a casting drum rotating 
at a drum surface speed of 100 m/min, to be cooled. The adhesiveness to the casting drum, separatability from the 
casting drum, and the surface of the obtained film were good. 

75 [0084] In this case, the casting drum used had a special structure which kept the surface temperature of the drum at 
105°C in the region immediately before the molten PET reaching position, and to keep the surface temperature of the 
drum at 45°C in the region immediately before the film leaving position. That is, the surface of the drum was heated by 
a radiation heater in the circumferential region where the PET film was not kept in contact with the drum (external heat- 
ing method), and cooling water was not fed in the drum in the region (a kind of internal heating method). On the con- 

20 trary, an electric heater arranged in the surface layer of the drum was energized for heating only in the heating region 
(internal embedded heating method). On the other hand, in the region after the PET melt reaching position, 40°C cool- 
ing water was fed to cool the surface of the drum in the region where PET was kept in contact. 
[0085] The above cooling medium adopts a combination of three heating methods; external heating method, internal 
heating method and internal embedded heating method. 

25 [0086] The drum was a black chromium plated roll as specular as 0. 1 jim in maximum roughness Ry and with a diam- 
eter of 2 m. 

[0087] In the following examples, the casting drum always adopted this combination of heating methods. 

[0088] The cast film thus obtained had a thickness of 150 urn and was small in the irregulatiry of thickness, excellent 

in flatness, free from surface defects and amorphous. In succession, the cast film was stretched to 5 times at a stretch- 

30 ing temperature of 98°C by a roll type longitudinal multi-step stretching machine and cooled to lower than Tg, and the 
longitudinally oriented film was introduced into a tenter while being held at both the edges by clips, stretched to 4.3 
times in the transverse direction in hot air atmosphere heated to a stretching temperature of 100°C, heatset with the 
length kept constant at 220°C, and heatset at a relaxation of 3% in the transverse direction at 150°C, to obtain a 12 \xm 
thick biaxially oriented laminated polyester film. It was wound at a high speed of about 500 m/min in a stable state wrth- 

35 out being broken. 

[0089] The film thus obtained was free from surface defects at all and excellent in flatness. 

Examples 2 to 4 and Comparative Example 1 

40 [0090] One hundred and fifty micrometer thick cast films were obtained as described in Example 1 , except that the 
surface temperature of the drum in the region immediately before casting was set at 45 to 1 25°C instead of 1 05°C (45°C 
in Comparative Example 1 , 79°C in Exmaple 2, 94°C in Example 3 and 125°C in Example 4). The results are shown in 
Table 1. 

[0091] It can be seen that unless the surface temperature of the drum in the region where the melt contacts is not 
45 lower than the Tg (69°C) of PET, preferably Tg + 1 0°C or more, more preferably Tg + 25°C or more, a uniform cast film 
cannot be obtained. 



Table 1 



so 




Surface temperature of 
casting drum (°C) 


Casting states 


55 






Adhesiveness 
between cast film and 
drum 


Film surface 


Separatability between 
cast film and drum 




Comparative Example 
1 


45 


X 


X 


O 



NSDOCID: <EP 094341 4A 1 _l_> 



11 



EP 0 943 414 A1 



Table 1 (continued) 





Surface temperature of 
casting drum (°C) 


Casting states i 






Adhesiveness 
between cast film and 
drum 


Film surface 


Separatability between 
cast film and drum 


Example 2 


79 


o 


A 


O 


Example 3 


94 


o 


o 


O 


Example 1 


105 


o 


o 


o 


Example 4 


125 


o 


o 


o 



is Comparative Example 2 

[0092] When it was attempted to produce cast films as described in Example 1 , except that the surface temperature 
of the drum at the position whore PET was separated from the drum was kept at 75°C to 1 05°C higher than the Tg of 
PET, instead of being kept at 45°C, it was difficult to separate the cast film from the drum in every case. 

20 

Examples 5 and 6 and Comparative Examples 3 and 4 

[0093] The polyesters used were polyethylene terephthalate (PET) (0.65 in intrinsic viscosity fa], 69°C in Tg, 125°C 
in cold crystallization temperature Tec, 265°C in melting point Tm, 210°C in Tmc, 56°C in ATcg and 55°C in ATmmc) 
25 and quickly crystallized PET (PET with an intrinsic viscosity fa] of 0.45 modified at the ends into Na salt obtained by 
adding sodium carbonate to PET and melt-extruding the mixture, containing 0. 1 wt% of spherical silica with an average 
grain size of 0.2 as an additive; 69°C in Tg, 94°C in cold crystallization temperature Tec, 265°C in melting point Tm. 
235°C in Tmc. 25°C in ATcg and 30°C in ATmmc). 

[0094] The PET and the quickly crystallized PET were dried to 20 ppm or loss in water content, supplied into melt 

30 extruders of 250 mm and 40 mm in screw diameter, molten at 285°C, filtered through fiber metal filters for removing for- 
eign matters of not smaller than 7 urn and 2 respectively, fed through a laminator for laminating in three layers of 
quickly crystallized PET/PET/quicWy crystallized. PET, introduced into a T die, to extrude a three-layer melt as a film. 
[0095] While electrostatic charges were applied to the extruded film, the film was cast with the drum temperature 
changed in a range of 25°C to 85°C and with the drum surface speed changed in a range of 50 m/min to 1 00 m/min, to 

35 obtain 1 50 urn thick laminate films consisting of 2.5 fim/145 Mm/2.5 jim in layer thickness. 

[0096] The drum used was a chromium plated roll as specular as 0. 1 jam in maximum roughness Ry and with a diam- 
eter of 2 m. The melt was taken up (at a draw-down ratio of 1 0) in contact with the drum, to be cooled and solidified. 
[0097] Each of the extruded laminate films was stretched to 5 times at a stretching temperature of 1 03°C by a roll type 
longitudinal multi-step stretching machine and cooled to lower than Tg. In succession, the longitudinally stretched film 

40 was introduced into a tenter while being held at both the edges by clips, stretched to 4.3 times in the transverse direction 
in hot air atmosphere heated to a stretching temperature of 1 05°C, heatset with the length kept constant at 220° C, and 
heatset at a relaxation of 3% in the transverse direction at 150°C, to obtain a12fim thick biaxially oriented laminate 
polyester film. It was wound at a high speed of 500 m/min in a stable state without being broken. 
[0098] The properties of the films thus obtained were evaluated. Casting conditions and the evaluation results are 

45 shown in Table 2. Results obtained at a casting speed of 50 m/min are shown on the left side in each column, and those 
of 100 m/min, on the right side. As can be seen from Table 2, when the casting drum temperature was higher than Tg, 
preferably higher than 80°C, films could be obtained at a high speed of 500 m/min with excellent stretching stability. The 
12 Mm thick films obtained were excellent in thermal dimensional stability. 

50 



55 



12 
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Table 2 



5 




Drum temoera- 
ture (°C) 


Dearee of crvstal- 
lization of surface 
layer (%) 


Casting states 


Heat shrinkaap 

(%) 


10 








Adhesiveness 
between cast film 
and drum 


Separatabilit y 
between cast film 
and drum 






Comparative 
Example 3 


23 


0/0 




o/o 


1.8/0.5 


15 


Comparative 
Example 4 


50 


0/0 




o/o 


1.5/0.5 


Comparative 
Example 5 


70 


12/8 






1.0/0.4 


20 


Comparative 
Example 6 


85 


21/16 


o/o 


o/o 


0.5/0.3 


Note 1 : Results obtained at a casting speed of 50 m/min are shown on the left side in each column, and those of 100 
m/min. on the right side. 

Note 2: As for the heat shrinkage, the values in the machine direction at a casting speed of 50 m/min are shown on 
the left side in each column, and those in the transverse direction, on the right side. 



25 



Comparative Examples 5 to 8 

[0099] Casting was effected as described in Examples 5 to 6 and Comparative Examples 3 and 4, except that only a 
30 150 |im thick single-layer film made of PET without the quickly crystallized PET laminated on both sides was used 
instead of the three-layer laminate film. 

[0100] It can be seen that if the quickly crystallized polymer is not laminated on the PET film at least on the side in 
contact with the drum, the film cannot be separated from the drum. 

35 

Table 3 





Drum temperature 
(°C) 


Degree of crystalli- 
zation of surface 
layer (%) 


Casting states 








adhesiveness 
between cast film and 
drum 


Separatability 
between cast film and 
drum 


Comparative Exam- 
ple 5 


23 


0/0 


O/x 


o/o 


Comparative Exam- 
ple 6 


50 


0/0 


O/x 


A/A 


Comparative Exam- 
ple 7 


70 


15/7 


O/a 


Not separatable 


Comparative Exam- 
ple 8 


85 


V- 


o/o 


Not separatable 



55 Examples 7 and 8 and Comparative Examples 9 and 10 

[01 01 ] Quickly crystallized PET was used. The quickly crystallized PET was PET with 5 mol% of sodium p-phenolsul- 
fonate copolymerized obtained by using magnesium acetate as an ester interchange catalyst, and was 0.58 in intrinsic 
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S*a^ 

smaller than 1 5 m . and induced ^T^^ f £S^*lS - ^ rem ° Vin9 forei9n ^«ers of not 

and solidified. Each of the extruded fi^afietehS to 4 7> . ° f 1 0) COntact with drum, to be cooS 
longitude, mufti-step stretching nJS^^^^^^ ff hi " 9 tem P^-e of 1 18»C by a ro^l 
was 'ntroduced into a tenter while being held atboSfta^K ^ 9 ' success,on . «he longitudinally oriented fflm 
inhotair atmosphere heated toastretch^ 

heatset at arelaxation of 2% in the transverse Zection at V 50»C to Sn 11T k6pt C0 " Stant at and 

drum Ue^e SSh^ «*- - shown in Table 4. When the casing 

with excellent stretching stability. The cESe ?££Z2Z ^ at a hi 9" <* «>0 mS 

rigidity. * ° bta,ned 6 ^ th '<* ,,,ms were excellent in thermal dimensional stability aiTdWg£ 




4 o Example 9 



[0107] The latter ethylene propylen ^ZTilp^ y^ 2.°? ATCQ a " d ^ in ATm ™ 

of antioxidant Irganox and 0.1 Z. flSS^^^^V^ COpo, ^ erized . a ™> contained 0.5 w»% 

of 2 50mm.TheEPC S ^^ 

for removing foreign matte* Snot smaHerS 12 l^^^r r# .T , !' ,n 31 ^ fiftered ^ fber meta > «« 
hree layers of quickly crystallized EPC/PETMciv SSSTi; ^ thr ° U9h 3 ' aminator ter ,am ™«"9 
layer melt as a film. While electrostatic Omg^^^^^T^ a ^ie, to extrude the three 

[0110J The extruded laminate film was *S^4^J.".S^T ^ t0 be C00,ed a " d S0,idified - 

icneo to 4 times at a stretchmg temperature of 90°C by a roll type longitu- 



45 



SO 



55 
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dinal multi-stel stretching machine and cooled to lower than Tg, and in succession, the longitudinally oriented film was 
introduced into a tenter while being held at both the edges by clips, stretched to 4.5 times in the transverse direction in 
hot air atmosphere heated to a stretching temperature of 100°C, heatset with the length kept constant at 220°C, and 
heatset at a relation of 3% in the transverse direction at 150°C. Both the surface layers of the laminate film were sepa- 
5 rated, to obtain a 20 jim thick biaxiaily oriented PET film. It was wound at a high speed of 460 m/min in a stable state. 
[011 1] The properties of the film obtained are shown in Table 5. The film could be obtained at a high speed of about 
500 m/min with excellent stretching stability. 

[0112] The obtained 20 urn thick film was excellent in thermal dimensional stability. 

10 

Table5 



Evaluation item 


Result 


Film surface 


Good without any crater, etc. 


Surface roughness Ry(jim) 


0.2/0.2 


Heat shrinkage (%) 


0.9/0.3 


Haze (%) 


1.2 


Thickness irregularity (%) 


6/5 



Example 10 

[01 1 3] Two laminate films obtained by overlaying a film equivalent to the cast film of Example 6 on one side of the cast 
25 film of Example 6 were supplied into a sequential biaxiaily stretching machine as described in Example 2, to efficiently 
produce two respectively 12 um thick biaxiaily oriented films all at once. The properties of the two films obtained were 
almost as good as those shown in Table 2. 

Example 11 

30 

[01 1 4] Quickly crystallized PET/S was used, and as an ordinary polyester, polyethylene terephthalate (PET) (0.68 in 
intrinsic viscosity W, 69°C in Tg, 132°C in cold crystallization temperature Tec. 261 °C in melting point Tm, 200°C in 
Tmc, 63°C in ATcg and 61 °C in ATmmc) was used. 

[01 1 5] The former quickly crystallized PET/S had 20 mol% of sebacic acid copolymerized using manganese acetate 
35 as an ester interchange catalyst, and was 0.48 in intrinsic viscosity fo], 35°C in Tg. 70°C in cold crystallization temper- 
ature Tec, 175°C in melting point Tm, 125°C in Tmc, 35°C in ATcg and 50°C in ATmmc. 

[0116] The latter polyethylene terephthalate (PET) was 0.68 in intrinsic viscosity fa], 69°C in Tg, 132°C in cold crys- 
tallization temperature, 261 °C in melting point Tm, 200°C in Tmc. 63°C in ATcg and 61 °C in ATmmc. 
[01 1 7] The PET and PET/S were dried to a water content of less than 20 ppm respectively, supplied into extruders of 

40 250 mm and 45 mm in screw diameter, molten at 285°C respectively, filtered by a fiber metal filter for removing foreign 
matters of greater than 12 jim and a fiber metal filter for removing foreign matters of greater than 8 u.m. fed through a 
laminator for laminating three layers of quickly crystallized PET/PET/quicWy crystallized PET, and introduced into a T 
die, to extrude the three-layer melt as a film. While electrostatic charges were applied to the film, the film was cast at a 
casting drum temperature of 120°C at a drum speed of 105 m/min, to obtain a 210 jim thick laminate film consisting of 

45 3.5 jum/203 jim/3.5 urn in layer thickness. 

[01 1 8] The casting drum used was a chromium plated roll as specular as 0. 1 \vm in maximum roughness Ry and with 
a diameter of 1 .5 m. The melt was taken up (at a draw-down ratio of 1 0) in contact with the drum, to be cooled and solid- 
ified. 

[01 1 9] The extruded film was stretched to 4.8 times at a stretching temperature of 1 08°C by a roll type longitudinal 
so multi-step stretching machine and cooled to lower than Tg, and in succession the longitudinally stretched film was intro- 
duced into a tenter while being held at both the edges by clips, stretched to 4.3 times in the tranverse direction in hot 
air atmosphere heated to a stretching temperature of 105°C, heatset with the length kept constant at 215°C and heatset 
at a relaxation of 2% in the transverse direction at 1 35°C, to obtain a 1 2 jam thick biaxiaily oriented polyester film, ft was 
wound at a high speed of more than 500 m/min in a stable state without being broken. 
55 [01 20] The properties of the film thus obtained are shown in Table 6. When the casting drum temperature was set at 
higher than Tg, preferably near the melt crystallization temperature Tmc of the polymer, the film could be obtained at a 
high speed of 500 m/min with excellent stretching stability. 

[0121] The obtained 12 nm thick film was excellent in thermal dimensional stability and high in rigidity. 
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Table 6 



Evaluation Item 


Results 


Film surface 


Good without any crater, etc. 


Surface roughness Ry (pm) 


0.2/0.2 


Heat shrinkage (%) 


0.8/0.3 j 


Haze (%) 


0.6 


Thickness irregularity (%) 


5/3 



Example 12 

15 

[0122] As a polyester, polyethylene terephthalate (PET) was used. 

[0123] The polyethylene terephthalate (PET) was 0.63 in intrinsic viscosity fa], 69°C in Tg, 125°C in cold crystalliza- 
tion temperature Tec, 265°C in melting point Tm, 210°C in Tmc, 56°C in ATcg and 55°C in ATmrnc. As a quickly crys- 
tallized polyester, polybutylene terephthalate PBT (0.55 in intrinsic viscosity fa], 40°C in Tg, 55°C in cold crystallization 

20 temperature Tec, 225°C in melting point Tm, 185°C in Tmc, 15°C in ATcg and 40°C in ATmrnc) was used. 

[0124] As an additive, 0.1 wt% of spherical silica with an average grain size of 0.2 ^m was added. The PET and PBT 
were dried to a water content of less than 20 ppm respectively, and 20 wt% of the PBT was mixed with the PET. The 
mixture wag supplied into a melt extruder with a screw diameter of 250 mm, molten at 285°C, filtered by a fiber metal 
filter for removing foreign matters of greater than 7 jim, and introduced into a T die, to be extruded as a film. While elec- 

25 trostatic charges were applied to the film, the film was cast at a high drum surface speed of 120 m/min on a drum kept 
at 65°C higher than the Tg of the film (40°C), to obtain a 1 50 *im thick film. 

[01 25] The drum used was a chromium plated roll as specular as 0. 1 urn in maximum roughness Ry and with a diam- 
eter of 2 m. 

[0126] The extruded cast film was stretched to 4 times at a stretching temperature of 95°C by a roll type longitudinal 
30 multi-step stretching machine and cooled to lower than Tg, and in succession the longitudinally oriented film was intro- 
duced into a tenter while being held at both the edges by clips, stretched to 4.1 times in the transverse direction in hot 
air atmosphere heated to a stretching temperature of 90°C, heatset with the length kept constant at 220°C and heatset 
at a relaxation of 3% in the transverse direction at 150°C, to obtain a 12 pm thick biaxially oriented polyester film. The 
film was wound at a high speed of 480 m/min in a stable stable without being broken. 
35 [0127] The properties of the obtained film are shown in Table 7. 

[0128] As shown in Table 7, the film could be obtained at a high speed of 480 m/min with excellent stretching stability. 
The obtained 12 urn thick film was small in thickness inegularity and excellent in thermal dimensional stability. 



40 Table 7 



Evaluation item 


Result 


Film surface 


Good without any crater, etc. 


Surface roughness Ry (pm) 


0.15/0.16 


Heat shrinkage (%) 


1.4/0.5 


Haze (%) 


0.8 


Thickness irregularity (%) 


5.5/3.5 



so 

Example 13 

[0129] Nylon 6 (polycapramide) with a relative viscosity Tir of 3.2 and an MO content of 0.8 wt% as a raw material 
(containing 0. 1 wt% of ethylenebisstearylamide EBA and 0.3 wt% of colloidal silica with an average grain size of 0.5 urn 
55 as additives, of 45°C in glass transition temperature Tg and 70°C in crystallization temperature Tec) was dried in hot air 
at 120°C, to be dehydrated, supplied into a tandem extruder of 150 mm each, molten at 285°C in the first extruder, and 
cooled to 1 85°C in the second extruder, for supercooled extrusion. The melt was filtered by a fiber metal filter to remove 
foreign matters, extursion-molded from a Tdie, and brought into contact with a special cooling drum (plated with 25 urn 
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internal healing method together as describe! 'iSbSSTT Z^? U *? mee * ralh ^»»'e»=dandfte 

high speed of about 400 m/min wHho^ broken ^ P ° lyamide fi,m - » * wound a Ta 

10131, The properties of the biaxial* oriented poiyamide fi.m thus obtains are shown in Table 8. 



75 



20 



25 



Table 8 



Evaluation item 


Unit 


Measured value 


Young's modulus 


Kg/mm 2 


250/255 


Tensile strength 


Kg/mm 2 


30/30 


Tensile elongation 


% 


95/95 


Heat shrinkage 


% 


0.5/0.5 


Oxygen permeability 


cc/rn^ 24Hr/iO0 \im 


2.5 


Haze " 


% 


1.8 



30 



35 



40 



45 



50 



55 3. 



Industrial Ap r \\^w my 

"■^'tneoblaineatilmissihoolhontrMaur^SSS^ M l**^^ '« rn*i* or orae. In 

appteaoon in oapaeltors. eleotrto locators, »!m^SSS^ST^ ™W*'«°«»n|> application, ateano 
Claims 

perature of the cooling medium ^e^^^eSrX^» ,,m ' C ^ acteri2ed in ■* *• surface tern 

perature of the cooiing medium ^erizied in that the surface tern 

the glass transition temperature Tg and not ^hT^TZm^Z P0Siti ° n ' S kept at noi ,ower ^n 

the surface temperature of the cooKng drum She r^ton SZS ^ P ? * thermo P'^c resin, and that 
than the the giass transition temperate Tg S £ SoSS. ^ ^ *" ' 6aVin9 ^ iS ke * 

posrtion is kept at not lower than the glass Sw^iESS r T ,mmed,ate V before the melt reaching 

the thermop.astic resin, and that «J ^JR^SSS S^ST? "* " * an 4,16 m6,tin9 ^ Tm * 

nace temperature of the cooling drum in the region immediately before the 
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position where the film leaves from the cooling medium is kept lower than the the glass transition temperature Tg 
of the thermoplastic resin. 

4. An apparatus for producing a thermoplastic resin film, according to claim 3, wherein an external heater is installed 
5 for heating the surface of the cooling medium in the region from immediately after the position where the molten 

thermoplastic resin film leaves from the cooling medium immediately before the melt reaches the cooling medium. 

5. An apparatus for producing a thermoplastic resin film, according to claim 3 or 4, wherein said external heater 
adopts one or more in combination selected from light irradiation, energization, heating heat carrier, dielectric heat- 

10 ing, combustion gas, etc. 

6. An apparatus for producing a thermoplastic resin film, according to any one of claims 3 through 5, wherein the sur- 
face of the cooling medium is as secular as 0.4 urn or less in maximum surface roughness Ry. 

is 7. An apparatus for producing a thermoplastic resin film, according to any one of claims 3 through 6, wherein the sur- 
face material of the cooling medium has a thermal conductivity of 2 W/mK to 60 W/mK. 

8. An apparatus for producing a thermoplastic resin film, according to any one of claims 3 through 7, wherein the cool- 
ing medium is coated on the surface with a material with a thermal conductivity of 2 W/mK to 20 W/mk. 

20 

9. An apparatus for producing a thermoplastic resin film, according to any one of claims 3 through 8, wherein the dis- 
tance between the surface of the cooling medium and the external heater is 1 mm to 200 mm. 

10. An apparatus for producing a thermoplastic resin film, according, to any one of claims 3 through 9, wherein the 
25 cooling medium has a diameter of 1 m to 5 m. 

11. An apparatus for producing a thermoplastic resin film, according to any one of claims 3 through 10. wherein the 
cooling medium which consists of an outer cylinder, an inner cylinder and hollow shafts, to allow a cooling heat car- 
rier to be fed through said hollow shafts and the clearance between the outer cylinder and the inner cylinder has 

30 seals between the outer cylinder and the inner cylinder near the molten thermoplastic resin film leaving position and 
near the molten thermoplastic resin film reaching position, and contains an internal heater in the region from near 
the molten thermoplastic resin film leaving position to near the melt reaching position. 

12. An apparatus for producing a thermoplastic resin film, according to claim 11, wherein the internal heater adopts 
35 one or more in combination selected from light irradiation, energization, heating heat carrier, dielectric heating, 

combustion gas, etc. 

13. An apparatus for producing a thermoplastic resin film, according to daim 11 or 12, wherein a heat carrier of not 
lower than the glass transition temperature Tg and not higher than the melting point Tm of the thermoplastic resin 

40 is fed in the cooling medium in the region from near the molten thermoplastic resin film leaving position to near the 
melt reaching position. 

14. An apparatus for producing a thermoplastic resin film, according to claim 11, wherein no coolant is fed in the cool- 
ing medium in the region from near the molten thermoplastic resin film leaving position to near the melt reaching 

45 position. 

15. An apparatus for producing a thermoplastic resin film, according to any one of claims 3 through 9, wherein heating 
elements are embedded in the circumferential direction inside the outer cylinder of the cooling medium at almost 
equal intervals. 

50 

16. An apparatus for producing a thermoplastic resin film, according to claim 3, wherein a cooling medium consisting 
of an outer cylinder, an inner cylinder and hollow rotating shafts, to allow a liquid heat carrier to be fed through the 
hollow rotating shafts and the clearance between the outer cylinder and the inner cylinder and a roll installed at a 
certain distance away from the cooling medium are connected by a belt finished to be 0.4 urn or loss in maximum 

55 surface roughness Ry. for forming the molten thermoplastic resin film on the belt. 

1 7. An apparatus for producing a thermoplastic resin film, according to claim 1 6, wherein the belt is heated by an exter- 
nal energy. 
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18. A method for producing a thermoplastic resin film, characterized by the use of the apparatus stated in any one of 
claims 3 through 17, wherein the surface temperature of the cooling medium is raised by at least 5 or more in the 
region immediately before the melt reaching position compared to the surface temperature in the region immedi- 
ately after the molten thermoplastic resin film leaving position. 

5 

1 9. A method for producing a thermoplastic resin film, in which a molten thermoplastic resin film is brought into contact 
with a cooling medium, to be cooled and solidified, characterized in that the surface temperature of the cooling 
medium in the region immediately before the melt reaching position is not lower than the glass transition tempera- 
ture Tg and not higher than the melting point Tm of the thermoplastic resin, and the surface temperature of the cool- 

w ing medium in the region before the film leaving position is kept near the melt crystallization temperature Tmc of 
the resin, for crystallizing the surface of the film, before the film leaves from the cooling drum. 

20. A method for producing a thermoplastic resin film, according to daim 1 9, wherein the crystallization degree of the 
surface layer is 5% to 50%. 

15 

21 . A method for producing a thermoplastic resin film, according to claim 1 9 or 2P, wherein a quickly crystallized resin 
of 50°C or less in the difference ATcg between the cold crystallization temperature Tec and the glass transition tem- 
perature Tg at least in the surface layer is used. 

20 22. A method for producing a thermoplastic resin f flm, according to claim 21 , where in the quickly crystallized resin is 
one or more as a mixed resin selected from resins with a metal salt at the ends of the molecular chain, resins con- 
taining a crystalline nucleating agent and very low molecular resins. 

23. A method for producing a thermoplastic resin film, according to any one of claims 19 through 22, wherein a larni- 
25 nate melt consisting of a substrate resin film and another resin film higher in crystallization rate than said substrate 

resin film is brought into contact with the cooling medium, with the resin f ilmhigher in crystallization rate on the cool- 
ing medium side, to be cooled and solidifed, and the resin f flm layer is separated. 

24. A method for producing a thermoplastic resin film, according to any one of claims 12, 18, 19, 20, 21, 22 and 23, 
30 wherein electrostatic charges are applied during casting. 

25. A method for producing a thermoplastic resin film, according to any one of claims 1 , 2, 18, 19,20, 21, 22, 23 and 

24, wherein the casting speed is 80 m/min to 300 m/min. 

35 26. A method for producing a thermoplastic resin film, according to any one of claims 18 through 25, wherein the ther- 
moplastic resin is selected from polyesters, polyamides, polyolefins, polyphenylene sulfide, vinyl polymers, their 
mixtures and modification products. 

27. A method for producing a thermoplastic resin film, according to any one of claims 1 , 2, 18, 1 9, 20, 21 , 22, 23, 24, 
40 25 and 26, wherein the polyester is selected from polyethylene terephthalate, polyethylene naphthalate, crystalline 

polyesters, their mixtures and modification products. 

28. A method for producing a thermoplastic resin film, according to any one of claims 1 , 2, 18, 19, 20, 21 , 22, 23, 24, 

25, 26 and 27, wherein the thermoplastic resin as the raw material is molten in a supercooled state. 

45 

29. A method for producing a thermoplastic resin film, according to any one of claims 1 , 2, 1 8, 1 9, 20, 21 , 22, 23, 24, 
25, 26, 27 and 28, wherein the cast film is stretched and/or heat-treated. 

30. A method for producing a thermoplastic resin film, according to any one of claims 1 , 2, 18. 1 9, 20, 21 , 22, 23, 24, 
so 25, 26, 27, 28 and 29, wherein the stretching is any one of longitudinal monoaxia! stretching, lateral monoaxia! 

stretching, sequential biaxial stretching and simultaneously biaxial stretching. 
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Fig. 3 
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Fig. 5 
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Fig. 9 
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